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Fibronectin extracellular matrix is assembled and remodeled throughout embryogenesis and plays key roles
in early vertebrate development. In this issue of Developmental Cell, Dzamba et al. reveal, through their
studies of Xenopus embryos, a novel mechanism for regulating fibronectin matrix assembly through Wnt
signaling and cadherin-mediated cell-cell adhesion.Cell movements in vivo occur on tracks of
extracellular matrix (ECM), a 3D fibrillar
scaffold composed of the cell-adhesive
protein fibronectin, collagens, and other
molecules. Perturbation of the ECM
disrupts cell migration, leading to develop-
mental defects and diseases such as
cancer. Studies in cultured cells show
that the cell-mediated process of assem-
bling fibronectin into fibrillar matrix requires
integrin receptor binding and cytoskeletal
tension (Mao and Schwarzbauer, 2005).
Whether assembly within tissues has
similar requirements remains tobedefined.
In this issue of Developmental Cell,
Dzamba et al. uncover a novel regulatory
mechanism for matrix assembly that is
dependent on cadherin-based tension
induced by the noncanonical Wnt signaling
pathway (Dzamba et al., 2009).
Fibronectin matrix assembly is an
essential process in normal vertebrate
development. Mouse embryos lacking
fibronectin are unable to complete gastru-
lation due to defects in mesoderm forma-
tion and migration (George et al., 1993). In
amphibian embryos, fibronectin matrix is
assembled on the roof of the blastocoel
cavity. Blockade of fibronectin assembly
(Rozario et al., 2009) or perturbation of
fibril organization on the roof (Darribere
and Schwarzbauer, 2000) causes gastru-lation defects, including stalled blasto-
pore closure and failed epiboly. During
Xenopus gastrulation, the future meso-
derm extends from the dorsal to the
ventral side of the embryo by moving on
top of the blastocoel roof cells, a migratory
process that depends on noncanonical
Wnt signaling (Tada and Smith, 2000).
Dzamba et al. discovered that mutant
versions of either Wnt11 or its down-
stream effector Dishevelled (Dsh) block
development by inhibition of fibronectin
matrix assembly. Constitutively active
forms of the GTPases Rac and Rho,
known effectors of Dsh, were able to over-
come the inhibition of matrix assembly.
Both Rac and Rho are known to regulate
actomyosin contractility, suggesting that
the observed effects of the Wnt pathway
on fibronectin matrix assembly may be
due to alterations in cytoskeletal tension.
Cells generate tension through integrin-
based (cell-ECM) or homophilic cadherin-
based (cell-cell) adhesion complexes,
both of which link to the actin cytoskel-
eton (Schwartz and DeSimone, 2008).
Cytoskeletal tension plays an important
role in fibronectin matrix assembly. In
the current model, cells bind to fibronectin
via integrins, leading to rearrangement of
the actin cytoskeleton, which increases
cell contractility. This actomyosin-basedDevelopmental Cell 1traction allows cells to pull on fibronectin
molecules, thus inducing conformational
changes that expose cryptic self-interac-
tion sites and promote formation of fibrils
(see Figure 1) (Mao and Schwarzbauer,
2005). Surprisingly, Dzamba et al. found
that cell-cell, rather than cell-ECM,
adhesion is altered upon inhibition of
noncanonical Wnt signaling in Xenopus
embryos, suggesting that matrix
assembly on the blastocoel roof occurs
through a cadherin-dependent mecha-
nism. In support of this idea, as gastrula-
tion progressed, cadherin expression
became enriched at cell-cell borders,
concomitant with assembly of fibronectin
fibrils. Inhibition of cell-cell adhesion with
a dominant-negative cadherin isoform in-
hibited matrix assembly, whereas ectopic
cadherin expression to artificially increase
cell-cell adhesion induced premature
matrix assembly. Surface levels of cad-
herins do not change during gastrulation
(Brieher and Gumbiner, 1994), suggesting
that regulation of fibronectin matrix is
instead due to changes in cadherin
activity. While much is known about how
cells modulate integrin activity levels
(Banno and Ginsberg, 2008), the molec-
ular mechanisms and intracellular signals
that convert a cadherin into a more active
form remain a topic for future studies.6, March 17, 2009 ª2009 Elsevier Inc. 327
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PreviewsFigure 1. Model for Fibronectin Matrix Assembly on the Blastocoel Roof
Blastocoel roof cells bind compact fibronectin dimers (green, left) using integrin receptors (gray). Noncanonical Wnt signaling, acting through downstream effec-
tors, acts on cadherins (pink) to induce formation of cell-cell adhesion complexes (red), which organize actin and myosin into filaments (straight lines). The
resulting increase in cytoskeletal tension stimulates integrins (blue), perhaps through indirect associations with actin filaments, and these active integrins pull
on and stretch out the fibronectin dimers to expose cryptic interaction sites (middle). Extension of fibronectin promotes interaction with other fibronectins through
self-interaction sites, leading to formation of a fibrillar matrix (right) (Dzamba et al., 2009; Mao and Schwarzbauer, 2005).How are these changes in noncanonical
Wnt signaling ultimately able to impact
actomyosin tension and fibronectin
matrix? Returning to the Rac pathway,
Dzamba et al. showed that expression of
a dominant-negative Rac GTPase or inhi-
bition of the Rac effector Pak prevented
fibronectin matrix assembly and disrup-
ted actin organization. Loss of Pak activity
caused shortened embryos with reduced
myosin light chain phosphorylation,
a known inducer of cytoskeletal tension.
Importantly, a direct link between
increased tension and cell-cell interac-
tions was provided by traction force
microscopy, which showed that engage-
ment of cadherins in blastocoel roof cells
increased traction stress on a fibronectin
substrate in vitro.
An intriguing model is proposed by
Dzamba et al. to explain regulation of
fibronectin matrix assembly in tissues
(Figure 1). In the blastocoel roof, fibro-
nectin matrix assembly is the endpoint
of a developmental cascade initiated by
noncanonical Wnt signaling. Wnt11 acts
through Dsh and Rac to activate cadher-
ins and promote cell-cell adhesion.
Cadherin complexes organize actin
filaments to generate cytoskeletal
tension. Concomitantly, integrins bind to
fibronectin dimers, but increased cyto-328 Developmental Cell 16, March 17, 2009skeletal tension generated by cadherin
adhesion complexes is required to facili-
tate the stretching of bound fibronectins
by integrins, the exposure of sites for
fibronectin interactions, and fibril
assembly.
Such a model implicating cytoskeletal
tension in matrix assembly in vivo is
consistent with previous studies, which
showed that knockdown of Xenopus
myosin heavy chain IIB gave a similar
gastrulation phenotype to that caused
by blockade of fibronectin assembly
(Skoglund et al., 2008). In the current
study, direct mechanical evidence for
this model was provided by two clever
experiments. In the first, intact pregastru-
lation embryos were ‘‘deflated’’ by punc-
turing the blastocoel roof with a micropi-
pette, thus physically decreasing tension
within the blastocoel roof cells. Reduced
amounts of fibronectin matrix were
assembled as these embryos developed
through gastrulation. In the second exper-
iment, tension was increased in pregas-
trulation embryos by forcing them into
a stiff nylon mesh. Premature fibronectin
matrix was observed on the blastocoel
roof cells of these embryos. Thus,
changes in tension lead to changes in
fibronectin matrix assembly in Xenopus
embryos. It will be interesting to seeª2009 Elsevier Inc.whether regulation of matrix assembly
by cadherins, Wnts, and cytoskeletal
tension is a general paradigm across
vertebrate tissues.
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